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Abstract

White-tailed deer (Odocoileus virginianus dacotensis Zimm.)
numbers in the central Black Hills have declined since the middle
1970s. Population status has been documented by a decline in
hunter success, deer reproductive success, and fawn survival.
Most management agencies believe habitat deterioration is the
primary cause of population decline in the Black Hills. We evalu-
ated habitat selection for a white-tailed deer herd in the central
Black Hills of South Dakota and Wyoming. From July 1993-
July 1996, 73 adult and yearling doe and 12 adult and yearling
buck white-tailed deer were radiocollared and visually moni-
tored. Habitat information was collected at 4,662 white-tailed
deer locations and 1,087 random locations. During winter, white-
tailed deer selected ponderosa pine- (Pinus ponderosa P. & C.
Lawson) deciduous and burned pine cover types. Overstory-
understory habitats selected included pine/grass-forb, pine/bear-
berry (Arctostaphylos uva-ursi (L.) Spreng.), pine/snowberry
(Symphoricarpos albus L.), burned pine/grass-forb, and
pine/shrub habitats. Structural stages selected included sapling-
pole pine stands with > 70% canopy cover, burned pine sapling-
pole and saw-timber stands with < 40% canopy cover. During
summer, white-tailed deer selected pine-deciduous, aspen
(Populus tremuloides Michx.), aspen-coniferous, spruce (Picea
glauca (Moench) Voss), and spruce-deciduous cover types.
Overstory-understory habitats selected included pine/juniper
(Juniperus communis L.), aspen/shrubs, spruce/juniper, and
spruce/shrub habitats. Structural stages selected included pine,
aspen, and spruce sapling pole stands with all levels (0-40%,
41-70%, 71-100%) of canopy cover. Results supported low habi-
tat quality as a factor involved with the decline of the deer popu-
lation. We recommend that habitat management techniques,
such as aspen regeneration and prescribed burns, be used to
improve the habitat base in the central Black Hills.
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Resumen

El nimero de venados cola blanca (Odocoileus virginianus
dacotensis Zimm.) del area central de Black Hills ha disminuido
desde mediados de la década de los 70's. El estado de la
poblacién ha sido documentado por una reduccién en el éxito de
la caceria, la reproduccion exitosa del venado y la sobrevivencia
de los cervatos. La mayoria de las agencias de manejo creen que
el deterioro del habitat es la causa principal de la disminucién de
la poblacién en Black Hill. Evaluamos la seleccién de habitat por
un hato de venados cola blanca en la regién central de Black Hill
en South Dakota y Wyoming. De Julio de 1993 a Julio de 1996, a
73 hembras adultas y juveniles y 12 machos adultos y juveniles
de venado cola blanca se les coloco un radiotransmisor y se mon-
itorearon visualmente. La informacién del habitat se colect6 en
4,662 localidades de venado cola blanca y 1,078 localidades
aleatorias. Durante el invierno, el venado cola blanca seleccioné
los tipos de cobertura de pino ponderosa (Pinus ponderosa P. &
C. Lawson) deciduo y quemados. Los habitats con cobertura
superior/inferior seleccionados incluyeron pino/zacate-hierba,
pino/ “Bearberry”(Arctostaphylos uva-ursi (L.) Spreng.), pino/
“Snowberry” (Symphoricarpos albus L.), pino quemado/zacate-
hierba y pino/arbusto. Las etapas estructurales seleccionados
incluyeron poblaciones de plintulas de pino con una cobertura
de copa mayor al 70%, poblaciones de plantulas de pino quema-
do y poblaciones de pino aserrado con menos del 40% de cober-
tura. Durante el verano, el venado cola blanca seleccioné cober-
turas del tipo pino-deciduo, dlamo (Populus tremuloides Michx.),
alamo-coniferas, picea (Picea glauca (Moench) Voss) y picea-
deciduo. Los habitats de cobertura alta-baja seleccionados
incluyeron habitats de pino/enebro (Juniperus communis L.),
alamo/arbustos, picea/enebro y picea/arbustos. Los niveles
estructurales seleccionados incluyeron poblaciones de plantulas
de pino, 4lamo y picea con todos los niveles (0—40%, 41-70%,
71-100%) de cobertura de copa. Los resultados apoyan la baja
calidad del habitat como un factor involucrado en la disminucién
de la poblacién de venados. Recomendamos que técnicas de
manejo del habitat, tales como la regeneracién del dlamo y los
fuegos prescritos, sean utilizadas para mejorar el habitat base en
la region central de Black Hills.

Key Words: aspen regeneration, Black Hills, habitat quality,
habitat selection, Odocoileus virginianus dacotensis, prescribed
burns, South Dakota, white-tailed deer, Wyoming
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White-tailed deer (Odocoileus virgini-
anus dacotensis Zimm.) are an important
economic resource within the Black Hills
of South Dakota and throughout North
America. Williamson and Doster (1981)
estimated that each white-tailed deer in
North America generates about $1,657 per
year through consumptive and non-con-
sumptive uses. Restaurants, lodges, conve-
nience stores, and gas stations receive
income from visitors attempting to
observe white-tailed deer (Martin and
Gum 1978, Wallace et al. 1991).
Annually, the Black Hills deer herd gener-
ates over $2 million dollars, in addition to
license fees (Richardson and Peterson
1974), with each resident hunter spending
approximately $372/year (United States
Fish and Wildlife Service 1993).

White-tailed deer numbers in the central
Black Hills have declined since the middle
1970's (Griffin et al. 1992, Griffin 1994)
and DePerno (1998) estimated this popula-
tion declined by 10-15% per year from
1993-1996. Population status has been
documented by a decline in hunter success
(McPhillips and Rice 1991), deer repro-
ductive success (Rice 1984, Hauk 1987,
McPhillips 1990). and fawn survival (Rice
1979). Additionally, because reproductive
and recruitment rates have not increased
with herd reductions, it appears that deer
carrying capacity in the central Black Hills
has declined (DePerno et al. 2000). Griffin
et al. (1992) reported that most manage-
ment agencies believe the low productivity
affecting the central Black Hills deer herd
was directly related to long-term habitat
deterioration.

We evaluated habitat selection by white-
tailed deer in the central Black Hills of
South Dakota and Wyoming. Habitats are
differentiated by tree size and amount of
overstory cover present; characteristics
that represent age and structural class of
vegetation within forested areas (Smith
1962). Documentation of habitat use by
bucks and does during winter and summer
is necessary to develop area-specific
strategies for maintaining deer popula-
tions. For example, in the northern Black
Hills, many habitats used by white-tailed
deer differ from their relative availability
on summer and winter ranges (Kennedy
1992). During winter, Moen (1968, 1976)
concluded that dense pine stands are
important to deer; these stands minimize
energy expenditures for thermoregulation
by reducing windchill and radiant heat
loss (Parker and Gillingham 1990). During
spring and summer. because condition and

type of cover used for fawning may influ-
ence the survival rate of fawns, does seck
isolation in areas where hiding cover is
abundant (King and Smith 1980, Fox and
Krausman 1994). We hypothesized that
white-tailed deer in the central Black Hills
select habitats on summer range that con-
tain abundant forage (stands with low
overstory cover and significant shrub bio-
mass) and cover (stands with high oversto-
ry cover and significant shrub biomass)
necessary to enhance reproductive suc-
cess, while selecting habitats on winter
range that contain abundant forage and
cover necessary to reduce thermal stress.

Study Area

The Black Hills is an isolated mountain-
ous arca in western South Dakota and
northeast Wyoming that extends approxi-
mately 190 km north to south and 95 km
east to west (Petersen
1984). Elevation of the 1
Black Hills ranges from f
973-2,202 m above
mean sea level (Orr
1959, Turner 1974).
Annual mean tempera-
tures are typical of a con-
tinental climate and ‘
range from 5-9° C with :
extremes of —40-44° C ‘
(Thilenius 1972). Mean {
annual precipitation
ranges from 45-66 cm
(Orr 1959) and yearly
snowfall may exceed 254
cm at higher elevations
(Thilenius 1972).

The central Black Hills
study area (43° 52' N to
44° 15' N-104° 07' W to
103° 22' W) includes &
Pennington and Lawrence "‘CWC“‘M\\ (
counties of South Dakota L
and Crook and Weston i :
counties of Wyoming j
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(Fig. 1). The study area ’
is composed of separate [
winter and summer
ranges used by migratory [
white-tailed deer
(DePerno 1998, DePerno
et al. 2000, Griffin et al.
1995, 1999). In the cen-
tral Black Hills, typical

autumn migration for

white-tailed deer is in a 1993-1996.
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Fig. 1. Location of winter and summer ranges of white-tailed
deer in the central Black Hills, South Dakota and Wyoming,

southeast direction from high elevation
summer ranges to low elevation winter
ranges and generally occurs between
August and February (DePerno 1998,
Griffin et al. 1999). Typical spring migra-
tion is in a northwest direction from low
elevation winter ranges to high elevation
summer ranges and generally occurs
between 17 and 23 May (DePerno 1998,
Griffin et al. 1999). Public land within the
study area is managed by the United States
Department of Agriculture Forest Service,
within the Pactola, Harney, and Elk
Mountain Ranger Districts, primarily for
timber production and livestock grazing (1
June-31 October).

Winter range consists primarily of
monotypic stands of ponderosa pine
(Pinus ponderosa P. & C. Lawson) inter-
spersed with stands of burned pine. quak-
ing aspen (Populus tremuloides Michx.),
and paper birch (Betula papyrifera
Marsh.) (Mclntosh 1949, Orr 1959,
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Thilenius 1972, Richardson and Petersen
1974, Hoffman and Alexander 1987).
Primary understory vegetation on winter
range is characterized by snowberry
(Symphoricarpos albus L.), spiraea
(Spiraea betulifolia Pallas), serviceberry
(Amelanchier alnifolia (Nutt.) Nutt. ex. M.
Roemer), woods rose (Rosa woodsii
Lindl.), bearberry (Arctostaphylos uva-
ursi (L.) Spreng.), and cherry species
(Prunus spp.). Summer range consists pri-
marily of ponderosa pine and white spruce
(Picea glauca (Moench) Voss) inter-
spersed with small stands of quaking
aspen (McIntosh 1949, Orr 1959,
Thilenius 1972, Richardson and Petersen
1974, Hoffman and Alexander 1987).
Understory vegetation on summer range is
characterized by Oregon grape (Berberis
repens Lindl.), juniper (Juniperus commu-
nis L.), bearberry, snowberry, spiraea, and
serviceberry.

Materials and Methods

Capture Methods

White-tailed deer were captured during
February and March 1993-1996 using
modified, single-gate Clover traps (Clover
1956) baited with fresh alfalfa (Medicago
sativa L.) hay. Deer were captured on 4
trap sites located northeast, northwest, and
west of Hill City, S.D., on the McVey
Burn deer winter range (Griffin et al.
1995). Adult and yearling doe (n = 73)
and buck (n = 12) white-tailed deer were
fitted with radiocollars (Telonics Inc.,
Mesa, Ariz.; Lotek Engineering, Inc.
Ontario, Canada), ear-tagged, aged by
lower incisor wear, and released. Captured
fawn white-tailed deer were ear-tagged
and released (Griffin et al. 1995). Each
radiocollar used in this study contained a
mercury tip switch that enabled determina-
tion of head-up and head-down position
based upon signal intensity and differing
pulse intervals (Beier and McCullough
1988).

From July 1993-July 1996, individual
radiocollared deer were visually located
from the ground 1-3 times per week. Deer
were radiotracked at different time periods
to maximize observations of diurnal activ-
ities (Kernohan et al. 1996) and to obtain
adequate sample sizes without violating
the assumption of independent observa-
tions (White and Garrott 1990). Kernohan
et al. (1996) demonstrated no differences
between diurnal and 24-hour habitat use

244

Appendix A. Common and scientific names of trees and shrubs included in the

‘other shrubs’ category.

Bearberry

Cherry species

Currants

Fleshy hawthorn
Juniper

Leadplant

Mountain balm
Mountain meadowsweet

Prunus spp.
Ribes spp.

Oregon grape Berberis repens (Lindl.)
Paper birch Betula papyrifera (Marsh.)
Ponderosa pine

Quaking aspen

Red raspberry Rubus idaeus (L.)

Russet buffaloberry

Serviceberry

Snowberry Symphoricarpos albus (L.)
Wartleberry

White spruce

Willow Salix spp.

Woods rose Rosa woodsii (Lindl.)

Yellow rose

Arctostaphylos uva-ursi ((L.) Spreng.)

Crataegus succulenta (Shrad. ex Link)
Juniperus communis (L.)

Amorpha canescens (Pursh)
Ceanothus velutinus (Dougl. ex Hook.)
Spiraea betulifolia (Pallas)

Pinus ponderosa (P. & C. Lawson)
Populus tremuloides (Michx.)

Shepherdia canadensis ((L.) Nutt.)
Amelanchier alnifolia ((Nutt.) Nutt. ex M. Roemer)

Vaccinium scoparium (Leib ex Coville)
Picea glauca ((Moench) Voss)

Potentilla fruticosa (Pursh) A. Love)

for white-tailed deer. Within the central
Black Hills, steep hills, deep draws, and
long migration distances limited data col-
lection activities to diurnal, visual obser-
vations of deer and prevented the use of
other techniques (e.g., triangulation) for
obtaining radiolocations. Furthermore,
because of the terrain and inaccessibility
of many areas, attempts at spotlighting
radiocollared deer to obtain nocturnal data
were inefficient and represented a bias
toward deer that were more accessible.
Activity (feeding and bedding) was deter-
mined by radio signal intensity and speed
of the pulse intervals (Beier and
McCullough 1988, Hansen et al. 1992,
Weckerly 1993). Deer locations were plot-
ted on 7.5-minute USGS topographical
maps (scale, 1:24,000) and assigned
Universal Transverse Mercator (UTM)
coordinates (Edwards 1969, Grubb and
Eakle 1988).

Habitat Selection

Because separate winter and summer
ranges are used by migratory white-tailed
deer (DePerno 1998, DePerno et al. 2000,
Griffin et al. 1995, 1999), we stratified
data according to seasonal elevation shifts
made by each individual each year (Apps
et al. 2001) and classified each deer loca-
tion and the corresponding habitat infor-
mation as either winter or summer range.
Habitat information was collected from

400-m?, circular plots centered on each
deer observation site (providing the loca-
tion of the radiocollared deer was visually
determined without disturbing the animal)
and, to obtain a measure of relative habitat
availability, at computer generated random
locations (i.e., sampled throughout the
study area) (Marcum and Loftsgaarden
1980, Kennedy 1992). General informa-
tion recorded at each location included:
UTM location (north and east), and domi-
nant overstory tree species along with the
most prominent understory vegetation. If
> 2 tree species provided canopy cover,
the species that provided the largest
amount of cover was recorded as the pri-
mary forest species; remaining species
were recorded as secondary species.
Additional habitat characteristics
recorded at each location included: over-
story canopy cover (%), basal area
(m?%ha), diameter at breast height (DBH)
(cm), habitat association (pine, spruce,
aspen), and vegetation structural stage.
Percent overstory canopy cover was mea-
sured using a spherical densiometer
(Lemmon 1956). Basal area, the cross sec-
tional area of trees at breast height, was
determined using a 10-factor angle gauge
(Hovind and Reick 1970). Diameter at
breast height of each tree included in the
basal area count was measured, 1.37 m
above the ground (Ford-Robertson 1971),
to the nearest centimeter using a diameter
tape. Vegetation structural stage units,
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Table 1. Percent forest type availability and use by doe and buck white-tailed deer during winter and summer in the central Black Hills, South Dakota
and Wyoming, 1993-1996.

Winter Summer
Forest Type Does Bucks Availability (90 % CI) Does Bucks Availability (90% CI)
(n=1319) (n =146) (n =533) (n = 1496) (n=181) (n=563)

Pine 68.5 68.5 72.8 (67.6-77.4) 44.7 - 54.7 58.1 (52.7-63.2)
Pine/Deciduous 14.3 +' 10.1 84 (5.6-11.8) 209 + 15.5 + 94 (65-129)
Aspen 23 18] 2.1 (0.8-4.1) 54+ 39 23 (1.0-43)
Aspen/Coniferous 2.0 2.0 26 (1.2-48) 8.8 + 7.2 + 3.6 (1.8-59)
Spruce 0.1- 0.0- 0.8 (0.1-2.2) 132+ 11.6 89 (6.1-122
Spruce/Deciduous 0.0 - 0.0 - 0.6 (0.0-1.9) 52+ 0.6 + 1.1 (0.3-2.6)
Burned Pine 6.4 + 16.8 + 1.1 (0.3-28) 0.1 0.0 0.0 (0.0-0.8)
Meadow 6.4 - 1.3- 11.6 (8.4-155) 1.8 - 0.6 - 16.7 (12.9-20.9)

"A positive sign (+) indicates significant habitat selection and a negative sign (-) indicates significant habitat avoidance. Signiticant levels for 90% confidence intervals were deter-
mined using the Bonferroni method (Neu et al. 1974, Byers et al. 1984).

3

wt R

which followed the Black Hills National
Forest inventory system, were based on
dominant overstory tree species, percent
overstory canopy cover, and average DBH
(Buttery and Gillam 1983, Rumble and
Anderson 1992, 1993). Dominant tree
species included ponderosa pine, spruce,
and aspen. Meadow and burned pine habi-
tats also were included. Pine, burned pine,
spruce, and aspen stands were categorized
based on stand age (Buttery and Gillam
1983). Structural stage categories includ-
ed: 1 = grass/forb - 0 cm DBH; 2 =
shrub/sapling - < 12.7 cm DBH; 3 = pole-
timber - 12.7 - 22.8 cm DBH, and 4 =
saw-timber - > 22.8 cm DBH. Structural
stage categories 3 and 4 were further sepa-
rated by percent canopy cover into: A =0
- 40%, B = 41-70%, and C = 71-100%
(e.g.. A3B represents an aspen pole-stand
with 41-70% canopy cover) (Kennedy
1992, DePerno 1998).

The overstory-understory relationships
for pine, spruce, and aspen associations
were determined by combining overstory
characteristics (i.e., dominant tree species
present, percent overstory canopy cover,
basal area, average DBH) with dominant
understory species present. Dominant
understory species were determined in 15,
1-m? plots systematically spaced within
the 400-m” area surrounding and including
plot center (Daubenmire 1959, Kennedy
1992). Percent ground cover of grass,
forbs, and shrubs < 1 m in height was
visually estimated for each plot using the
midpoint method as described by
Daubenmire (1959).

! L~ -l" - Y- -|
-3 |3 P R e .
Fig. 2. Burned pine habitat on winter range in the central Black Hills, South Dakota and
Wyoming, 1993-1996.

Analytical Methods | _ _

Forest type, overstory-understory habi- ‘ g *‘ gw . ¥, “’ S ). S i
tat, and structural stages were pooled % 28T s e e e RS + N
across individuals, years, and activities by ~ Fig. 3. Aspen habitat on summer range in the central Black Hills, South Dakota and
season. Deer locations were pooled for all Wyoming, 1993-1996.
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Fig. 4. Aspen/coniferous habitat on summer range in the central Black Hills, South Dakota

Fig. 5. Burned pine/litter habitat on winter range in {he central Black Hills, South Dakota

and Wyoming, 1993-1996.

years of the study because of high season-
al site fidelity (Progulske and Baskett
1958, Ozoga et al. 1982, Tierson et al.
1985, Kennedy 1992, Nelson 1995,
Griffin et al. 1999). Because sufficient
observations per animal (X = 52.96 + 5.20)
were recorded (Alldredge and Ratti 1986,
1992) and because habitat availability was
assumed to be equal for all radiocollared
animals. a chi-square test of homogeneity
was used to determine differences between
expected and observed distributions of for-
est type, overstory-understory habitat, and
structural stage (Jelinski 1991, Kennedy
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1992, McClean et al. 1998). Selection for
a particular cover type, overstory-under-
story habitat. or structural stage was
defined as use significantly greater than
availability, while avoidance was defined
as use significantly less than availability
(Neu et al. 1974, Byers et al. 1984,
Kennedy 1992). Significance levels for
90% confidence intervals were determined
using the Bonferroni method (Neu et al.
1974, Byers et al. 1984). All analyses
were performed using SYSTAT
(Wilkinson 1990).

Results

Between July 1993 and July 1996, 4,089
and 573 radiolocations were obtained for
does and bucks, respectively. To obtain a
measure of relative habitat availability,
habitat information was collected at 1,087
computer generated random locations
sampled throughout the study area.
Excluded from analyses were data on |
radiocollared buck that remained on win-
ter range throughout the year and | radio-
collared doe that demonstrated an abnor-
mal migration pattern (DePerno et al.
1997).

Forest Type

Forest type availability varied between
winter and summer ranges (y* = 68.56, df
=7, P <0.001), and use of forest types
(Table 1) differed for does and bucks com-
pared to forest type availability during
winter (y° = 66.59, df = 7, P < 0.001, %° =
72.03, df = 7, P < 0.001) and summer (%’
=238.77,df = 7, P < 0.001. %’ = 30.32, df
=7,P<0.001).

During winter, pine/deciduous and
burned pine forests (Fig. 2) were selected
(P < 0.05), whereas spruce, spruce/decidu-
ous, and meadows were avoided (P <
0.05) by does; remaining habitats were
used in proportion to their availabilities.
Buck use of burned pine forest was nearly
3-times that of does and buck use of
pine/deciduous habitat was less (P < 0.05)
than does and not significantly different
from its availability. During summer,
pine/deciduous, aspen (Fig. 3), aspen/conif-
erous (Fig. 4), spruce, and spruce/decidu-
ous habitats were selected (P < 0.05),
whereas pine and meadow habitats were
avoided (P < 0.05) and burned pine was
used in proportion to its availability by
does. Bucks selected (P < 0.05) pine/decid-
uous, aspen/coniferous, and spruce/decid-
uous habitats, while avoiding (P < 0.05)
meadows; remaining habitats were used in
proportion to their availabilities. Overall,
deer selected forest types that comprised
only 10% of the winter range and 25% of
the summer range.

Overstory/Understory Type
Availability of overstory-understory
types differed (x* = 58.89, df = 14, P <
0.001) between summer and winter range.
Overstory/understory use differed (Table
2) for does compared to availability during
winter (x> = 116.16. df = 14, P < 0.001)

JOURNAL OF RANGE MANAGEMENT 55(3) May 2002



Table 2. Percent overstory-understory availability and use by doe and buck white-tailed deer during winter and summer in the central Black Hills,

South Dakota and Wyoming, 1993-1996.

Winter Summer
Forest Type Does Bucks Availability (90 % CI) Does Bucks Availability (90% CI)
(n = 1000) (n=124) (n =470) (n=1387) (n=177) (n = 466)

Pine/Grass/Forb 453 4! 379 + 149 (10.7-19.7) 22.5 - 32.8 37.1 (31.0-43.3)
Pine/Bearberry 2.0 + 11.3 + 0.2 (00-1.6) 58 - 9.0 94 (6.1-13.6)
Pine/Juniper 0.0 0.8 0.0 (00-1.1) 243 + 164 + 6.7 (3.8-10.3)
Pine/Snowberry 10.1 + 1.6 + 0.2 (0.0-1.6) 0.7 0.6 0.6 (00-24)
Burned Pine/Grass/Forb 6.8 + 17.7 + 0.0 (0.0-1.1) 0.1 0.0 00 (©00-1.1)
Burned Pine/Litter 254 — 226 - 78.7 (73.0-83.5) 12.0 - 6.8 — 25.8 (20.3-31.5)
Pine/Other Shrubs> 54 + 40 + 02 (0.0-1.6) 2.3 5.1 + 0.9 (0.1-2.7)
Aspen/Grass/Forb 2.3 24 30 (1.2-5.7) 8.6 7.9 54 (29-8.7)
Aspen/Litter 0.5 0.8 1.5 (03-3.6) 1.0 0.6 04 (0.0-2.0)
Aspen/Other Shrubs® 2.1 0.8 1.1 (0.2-3.0) 3.8 + 2.8 + 04 (00-20)
Spruce/Grass/Forb 0.1 0.0 00 (00-1.1 7.6 7.4 58 (32-93)
Spruce/Juniper 0.0 0.0 0.0 (0.0-1.1) 42 + 4.0 + 09 (0.1-2.7)
Spruce/Wartleberry 0.0 0.0 0.0 (0.0-1.1) 3.1 1.7 22 (0.7-4.6)
Spruce/Litter 0.0 0.0 02 (0.0-1.6) 2.2 1.7 - 43 (2.1-174)
Spruce/Other Shrubs® 0.0 0.0 0.0 (0.0-1.1) 20 + 34 + 0.2 (0.0-1.6)

A positive (+) sign indicates significant habitat selection and a negative sign (-) indicates significant habitat avoidance. Significance levels for 90% confidence intervals was deter-
mined using the Bonferroni method (Neu et al. 1974, Byers et al. 1984).

See Appendix A for a list of other shrubs.

and summer (x* = 203.11, df = 14, P <
0.001), and for bucks during winter (x> =
65.31, df = 14, P < 0.001). During sum-
mer, overstory-understory habitats used by

bucks did not differ ()* = 10.39, df = 14.0,
P =0.73) from habitat availability.

During winter, pine/grass/forb, pine/-
bearberry, pine/snowberry, burned

pine/grass/forb, and ponderosa pine/other
shrubs (Appendix A) were selected (P <
0.05), whereas burned pine/litter (Fig. 5)
was avoided (P < 0.05) by does and bucks;

Table 3. Percent structural stage availability and use by doe and buck white-tailed deer during summer and winter in the central Black Hills, South

Dakota and Wyoming, 1993-1996.

Winter Summer

Habitat' Does Bucks Availability (90% CI) Does Bucks Availability (90% CI)

(n=477) (n=47) (n=532) (n=786) (n=99) (n=562)
P3A 9.6 43 - 85 (53-124) 7.3 10.1 + 59 (3.3-9.2)
P3B 15.9 36.2 + 13.7  (9.6-184) 10.8 13.1 + 7.7 (4.7-11.3)
P3C 222 4+ 255 + 147 (10.5-19.5) 104 + 12.1 + 4.8 (2.5-17.9)
P4A 10.9 10.6 92 (59-133) 17.2 232 + 142 (10.2-18.9)
P4B 124 - 8.5 - 17.1  (12.6 -22.2) 129 - 9.1 — 22.1 (17.1-274)
P4C 9.2 — 0.0 - 19.2  (14.4-24.4) 70 - 3.0 - 119 (8.2-16.3)
A2 0.6 0.0 - 0.8 (0.1-2.5) 1.3 0.0 0.2 (0.0-1.4)
A3A 0.6 0.0 — 0.6 (0.0-22) 25 + 40 + 0.5 0.0-2.1)
A3B 0.6 0.0 - 1.1 (0.2-3.1) 4.6 + 2.0 1.4 (0.3-3.4)
A3C 2.1 0.0 - 2.1 (0.7-44) 2.8 + 2.0 0.9 (0.0 -2.6)
A4A 0.4 43 + 02 (00-1.5) 1.2 0.0 - 0.9 (0.0-2.6)
A4B 0.4 00 - 02 (00-15) 1.3 0.0 - 0.9 (0.0-2.6)
A4C 0.0 0.0 — 04 (0.0-1.8) 0.6 20 0.5 (0.0-2.1)
S3A 0.0 0.0 — 00 (00-1.1) 1.7 2.0 0.7 (0.1-2.4)
S3B 0.0 0.0 - 0.0 (00-1.1) 29 + 3.0 + 0.4 0.0-1.7)
S3C 0.0 0.0 - 0.0 (00-1.1) 3.7 + 7.1 + 0.4 0.0-1.7)
S4A 0.0 0.0 - 0.0 (0.0-1.1) 4.6 + 0.0 - 2.1 (0.7-4.5)
S4B 0.0 0.0 — 00 (0.0-1.1) 3.4 3.0 3.9 (1.9-6.8)
S4C 0.0 0.0 — 00 (0.0-1.1) 2.0 3.0 3.6 (1.6 -6.3)
MD 9.0 43 - 11.3  (7.8-15.7) 19 - 1.0 - 17.1  (12.7-22.0)
BP3A 34 + 2.1 .1 (0.2-31) 0.0 0.0 0.0 (0.0-1.0)
BP3B 0.6 2.1 + 0.0 (00-1.1) 0.0 0.0 0.0 (0.0-1.0)
BP3C 0.0 0.0 - 0.0 (00-1.1) 0.0 0.0 0.0 (0.0-1.0)
BP4A 1.7 + 2.1 + 00 (0.0-1.1) 0.0 0.0 0.0 (0.0-1.0)
BP4B 0.2 0.0 — 00 (0.0-1.1) 0.0 0.0 0.0 (0.0-1.0)
BP4C 0.0 00 - 00 (0.0-1.1) 0.0 0.0 0.0 (0.0-1.0)
'P = Pine; A = Aspen; S = Spruce; MD = Meadows; BP = Burned Pine.
Significance levels for 90% confidence intervals was determined using the Bonferroni method (Neu et al. 1974, Byers et al. 1984).
2=<25cmDBH;3=12.7-229 cm DBH; 4 =>22.9 cm DBH.
A =0 -40% canopy cover; B = 41 — 70% canopy cover; C = 71 — 100% canopy cover.
A positive sign (+) indicates significant habitat selection and a negative sign (-) indicates significant habitat avoidance.
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Table 4. Percent availability and use of habitats with and without shrubs selected by doe and buck
white-tailed deer during winter and summer in the central Black Hills, South Dakota and

Wyoming, 1993-1996.

Does Bucks
Winter Summer Winter Summer
With Shrubs
Forest Type
n 1319 1496 146 181
availability (%) 9.6 25%) 9.6 2512
use (%) 20.8 53 26.9 44.8
Overstory/Understory
n 1000 1387 124 177
availability (%) 195 9.0 15.5 9.0
use (%) 69.6 36.6 72.6 31.7
Structural Stage
n 477 786 47 99
availability (%) 2947 38.3 29.7 383
use (%) 44.2 66.8 724 76.8
Without Shrubs
Forest Type
n 1319 1496 146 181
availability (%) 11.6 74.8 11.6 74.8
use (%) 6.4 46.5 1.3 5.3}
Overstory/Understory
n 1000 1387 124 177
availability (%) 78.7 76.6 78.7 76.6
use (%) 25.4 42.4 22.6 50.3
Structural Stage
n 477 786 47 99
availability (%) 61.1 52.8 61.1 52.8
use (%) 8BS 242 17.0 1351

remaining habitats were used in propor-
tions to their availabilities. During sum-
mer, pine/juniper (Fig. 6), aspen/other
shrubs, spruce/juniper, and spruce/other
shrubs were selected (P < 0.05), whereas
burned pine/litter was avoided (P < 0.05)
by does and bucks; pine/grass/forb and
pine/bearberry was avoided (P < 0.05) by
does and spruce/litter was avoided by
bucks. All other habitats were used in pro-
portion to their availabilities. Regardless
of season, deer of both sexes selected
understory range similarly and used types
that comprised only 15% of the landscape
on winter range and 9% of the landscape
on summer range.

Structural Stage

Availability of structural stages differed
(¢ = 49.70, df = 25, P < 0.001) between
winter and summer ranges. During winter,
structural stage use for does (¥* = 3.86, df
=25, P = 1.00) and bucks (> = 21.26, df
=25, P = 0.68) did not differ from habitat
availability (Table 3). During summer,
structural stage use differed for does (x° =
49.63, df = 25, P < 0.001) and bucks (x* =
39.75, df = 25, P < 0.001) compared to
habitat availability.

During winter, deer of both sexes spent
> 80% of their time in pine stands (Fig. 7)
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and selected medium to older age trees
with medium to heavy forest canopies.
Does spent twice as much time as bucks in
meadows and both sexes spent small
amounts of time in burned pine stands.
During summer, deer spent > 60% of their
time in pine stands, primarily in stands of

Fig. 6. Pine/juniper habitat on summer range in the central Black Hills, South Dakota and
Wyoming, 1993-1996.

medium age with medium to heavy
canopies. Most of the remaining time was
spent in stands of aspen and spruce (Fig.
8) regardless of canopy cover. Overall,
deer selected structural stages that com-
prised only 30% of the winter range and
38% of the summer range.

Discussion

Clearly, in the central Black Hills, deer
spent most of their time in and were pri-
marily supported by pine forested range,
which dominates the landscape. However,
the structural stage classification of the
Black Hills National Forest Inventory
System does not lend itself to clearly
explaining deer/habitat relationships.
Selection of specific habitats by deer was
much better explained by the availability
of understory plant communities, which
provides, thermal cover, escape cover, and
food. Therefore, we more closely exam-
ined these relationships by comparing deer
use of habitats in relation to the
presence/absence of shrubs (Table 4). On
winter range, deer use of forested stands
with shrubs was 1.5 to 4.7 times greater
than the availability of those habitats. On
summer range, the relative difference
between habitats containing shrubs select-
ed by deer compared to the availability of
those habitats ranged from 1.8 to 4.1 times
greater than those habitats without shrubs.

Because hunter success (McPhillips and

——— i i e i - .'__,__.:*..
Al . -y

e

JOURNAL OF RANGE MANAGEMENT 55(3) May 2002



Fig. 7. Pine habitat on winter range in the central Black Hills, South Dakota and Wyoming,

1993-1996.

Rice 1991), deer reproductive success
(Rice 1984, Hauk 1987, McPhillips 1990,
Hippensteel 2000), and fawn survival
(Rice 1979, Benzon 1998) have not
increased with herd reductions, Griffin et
al. (1992) reported that most management
agencies believe the long term population
decline and low productivity affecting
central Black Hills white-tailed deer are
directly related to habitat deterioration. In
the central Black Hills, Hippensteel
(2000) determined that winter range diets

of white-tailed deer were composed of
approximately 40% ponderosa pine, 30%
grass, 20% shrub, and 5% forbs, which
supports the contention that poor quality
habitat is responsible for the long term
population decline of white-tailed deer in
the central Black Hills.

Winter Range

During winter, pine habitats that con-
tained a shrub component were selected
by white-tailed deer. We believe these

Fig. 8. Spruce habitat on summer range in the central Black Hills, South Dakota and

Wyoming, 1993-1996.
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pine stands were selected because of the
thermoregulatory benefits they provide
(Kennedy 1992). As air temperature
declines, heat loss from the animal's sur-
face increases due to convection (Moen
1968). Therefore, deer may be experienc-
ing a physiological benefit by occupying
habitats on winter range that contain
understory and overstory vegetation; habi-
tats with high thermal cover characteristics
(Moen 1976, Parker and Gillingham
1990). In addition to thermoregulatory
benefits, we believe deer are selecting
areas that contain shrubs (i.e., bearberry,
juniper, and snowberry) because they are
important sources of forage necessary to
winter survival of deer in the central Black
Hills (Hill 1946, Schneeweis et al. 1972,
Schenck et al. 1972). This is further sup-
ported because pine habitats dominated by
snowberry, juniper, and bearberry are rela-
tively rare in this region of the Black Hills
but were sought out and selected by deer.
Additionally, habitats with shrubs were
selected at levels 1.5 to 4.7 times greater
than the availability of those habitats.
Results indicate that approximately 80%
of the habitat in the central Black Hills
does not contain shrubs and thus, is not
acceptable for deer.

Burned pine forests were selected by
white-tailed deer during winter but not
during summer (burned habitats are rare
on summer range). Burning speeds organ-
ic matter decomposition rates and releases
nutrients into the environment, promoting
the production of forage higher in protein
(Einarsen 1946, Swank 1956, Sieg and
Severson 1996). Similarly, researchers
have concluded that burning in an
unthinned ponderosa pine stand removed
the litter component, initially increased the
nutrient value of the herbaceous vegeta-
tion, and stimulated growth of grasses,
forbs, and shrubs, thereby increasing the
quality of the vegetation (Krefting 1962,
Pearson et al. 1972, Harestad and Rochelle
1982). However, most larger burned areas
within the central Black Hills are > 40
years post-burn. Browse production
increases for 3-5 years following a burn
before returning to pre-burn levels (Lay
1957, Taber and Dasmann 1957, Pearson
et al. 1972). Consequently, deer use of
burned areas may have been detected
because forage species (e.g., bearberry,
snowberry, and juniper) important to deer
(Hill 1946, Schneeweis et al. 1972,
Schenck et al. 1972) are essentially absent
in the dominant unburned pine communi-
ties of the central Black Hills.
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On winter range, does selected open
burned pine and pine deciduous habitats,
whereas bucks selected closed pine stands
and avoided meadows. Interestingly, does
were located feeding (52%) and bedding
(48%) similar proportions of time, where-
as bucks were located bedding (64 %)
more often than feeding (36%).
Additionally, doe home ranges were about
twice as large on winter (202.9 ha) range
compared to summer (130.9 ha) range
(Griffin et al. 1999). Larger winter home
ranges and increased time spent foraging
by does compared to bucks may be a func-
tion of the does requirement for greater
quantities of forage during winter gesta-
tion, whereas bucks have lower energy
demands during this period and spend
more time loafing. Although, white-tailed
deer normally reduce food intake during
winter (Short et al. 1969, Schultz et al.
1993), we believe that adequate forage is
limited (Spalinger et al. 1993) in this
region. For example, on winter range,
aspen stands represent < 5% of the avail-
able habitat, understory shrubs (i.e., bear-
berry, juniper, and snowberry) and forbs
represent < 30%, and litter comprises 57%
of the available ground cover (DePerno
1998, DePerno et al. 2000). Furthermore,
> 90% of the forest stands lack significant
understory vegetation or tall shrub
saplings (DePerno 1998, DePerno et al.
2000). Poor quality habitat and limited
availability of deciduous and shrub habi-
tats (DePerno 1998), high doe mortality in
early spring (i.e., 53.2% of radiocollared
doe mortality occurred in spring, DePerno
1998, DePerno et al. 2000), an adult repro-
ductive rate of 1.33 fawns/doe, and a win-
ter range diet of 40% ponderosa pine
(Hippensteel 2000) indicate that does are
nutritionally stressed on winter range in
the central Black Hills.

Summer Range

During summer, deer selected deciduous
forests that contained shrubs. Hill (1946)
concluded that aspen and associated
shrubs were important and highly palat-
able to white-tailed deer during summer in
the northern Black Hills. Aspen areas have
been determined to be important for both
escape cover and forage for white-tailed
deer throughout the Black Hills (Kranz
1971, Schneeweis et al. 1972, Schenck et
al. 1972, Kranz and Linder 1973, Kennedy
1992, Stefanich 1995). However, habitats
dominated by deciduous cover (< 12%)
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are limited on summer range in the central
Black Hills (DePerno 1998, DePerno et al.
2000). Furthermore, grass and forbs com-
posed < 30% of ground cover and shrubs
composed < 21% of the available ground
cover. These data coupled with approxi-
mately 48% litter cover indicate that grass,
forb, and shrub forages are lacking on
summer range in the central Black Hills
(DePerno 1998, DePerno et al. 2000).
Additionally, tall shrub sapling densities
were nearly three times lower in the central
Black Hills (1113.03 + 321.07 stems/ha)
compared to the northern Black Hills
(3246.84 + 164.87 stems/ha; Hippensteel
2000), which suggests the central Black
Hills lack sufficient understory vegetation
and escape cover that are important for
white-tailed deer (DePerno 1998).
Furthermore, habitats with shrubs were
selected at levels 1.8 to 4.1 times greater
than the availability of those habitats, sug-
gesting that much of the habitat in the cen-
tral Black Hills does not contain shrubs
and is not acceptable habitat for deer.

During summer, structural stages with
71-100% canopy cover, were selected by
white-tailed deer. Dense overhead canopy
cover provides a cool environment, which
may allow deer to avoid heat stress
(Bunnell et al. 1986, Hoffman and
Alexander 1987) and reduce cutaneous
water loss (Parker and Robbins 1984).
Additionally, deer selected the relatively
open aspen and spruce stands, suggesting
that habitats containing understory vegeta-
tion were important. Deciduous habitats
and habitats with shrubs were likely
selected because they are important
sources of forage and provide horizontal
cover for predator avoidance (DePerno
1998).

In the central Black Hills, spring migra-
tion of white-tailed deer from low eleva-
tion winter ranges to high elevation sum-
mer ranges generally occurs between 17
and 23 May (DePerno 1998, Griffin et al.
1999). This is about 3 weeks prior to the
peak date of parturition, which occurs
approximately 11 June (Benzon 1998). On
summer range, does selected deciduous
habitats that provide horizontal cover
(DePerno 1998) and an abundant supply
of forage for fawning (Smith and LeCount
1979, King and Smith 1980, Bowyer and
Bleich 1984, Riley and Dood 1984,
Huegel et al. 1986, Loft et al. 1987, Fox
and Krausman 1994, Main and Coblentz
1996, Uresk et al. unpublished data).
Horizontal cover is important to fawns;
does seek isolation in areas where hiding

cover and forage are abundant (King and
Smith 1980, DePerno 1998). Interestingly,
does were located feeding (37%) more
than bucks (14%). Therefore, we postulate
that in the central Black Hills, does
migrate from winter to summer range just
prior to parturition to give birth in areas
that provide thermal cover, maximum for-
age characteristics, and concealment cover
for fawns, whereas bucks migrate to sites
with high quality forage on summer range
to maximize body condition.

Summary and Management
Implications

Results of this study indicate that decid-
uous cover types and habitats with under-
story vegetation were important to white-
tailed deer in the central Black Hills. Sieg
and Severson (1996) hypothesized that
white-tailed deer densities in the Black
Hills have been reduced due to the regen-
eration of ponderosa pine stands, preven-
tion of natural fires, and elimination of
man-made fires. Absence of fire has sub-
stantially increased ponderosa pine while
hindering new growth with negative con-
sequences for habitat diversity, wildlife,
and livestock interests (Richardson and
Petersen 1974, Sieg and Severson 1996).
Reducing coniferous overstory vegetation
in and around aspen stands could increase
understory vegetation and forage diversity,
which would enhance opportunities for
herbivores to encounter higher quality
plants or plant parts (Ffolliot and Clary
1982, McConnell and Smith 1970,
Severson and Uresk 1988). Furthermore, if
areas are logged first and then burned,
forbs and shrubs will increase and sprout
growth of some species (e.g., chokecherry,
snowberry, and willow; Wright and Bailey
1982) may be doubled (Krefting 1962,
Harestad and Rochelle 1982). We recom-
mend that agencies responsible for habitat
manipulation/management in the central
Black Hills give consideration to habitat
treatments or modifications of on-going
management (e.g., aspen regeneration,
logging, prescribed burning) that benefit
white-tailed deer by significantly increas-
ing deciduous habitats and understory veg-
etation on both winter and summer ranges
in the central Black Hills.

Elk and livestock interests may be con-
tributing to deer decline in the central
Black Hills (DePerno 1998, DePerno et al.
2000) through competition for forage

JOURNAL OF RANGE MANAGEMENT 55(3) May 2002



(Jenks et al. 1996, Hippensteel 2000),
habitat disturbance (Loft et al. 1987), dis-
placement (Crawford 1984, Loft et al.
1987, Loft 1988, Kie at al. 1991), survival
(Smith 1982), and length of time on graz-
ing allotments. Low to moderate cattle
regimes may be beneficial to elk and deer
(Skovlin et al. 1968). However, high
dietary overlap between deer and elk
(49%), high pine consumption by deer
(Hippensteel 2000), and length of cattle
grazing (i.e., in the central Black Hills
livestock grazing occurs from 1 June to 31
October) suggest the cattle grazing regime
presently practiced in the Black Hills is
excessive and incompatible with improv-
ing the white-tailed deer herd in the cen-
tral Black Hills. We recommend the Forest
Service re-evaluate their current grazing
allotment (e.g., number of cattle and
length of time) system as it relates to
availability of deciduous and shrub habi-
tats for white-tailed deer in the central
Black Hills.
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